Introduction
Dispersal ability of organisms is a key ecological factor that influences the structure of a population ( Miller et al. , 2002 ) . In freshwater communities, genetic divergence may arise because a stream system flows through several habitats, each habitat acting effectively as a biogeographic barrier from either a location within the stream or other near-by watersheds ( Monaghan et al. , 2002; Monaghan et al. , 2005 ) . Isolation by physical barriers in combination with genetic drift, or differing pressures of natural selection within each habitat has the potential of increasing genetic divergence between streams ( Monaghan et al. , 2002 ) .
Most flying aquatic insects can navigate between adjacent rivers ( Petersen et al. , 2004 ) . There are, however, some species that possess wings, but have limited flight. Sanderson et al. (2005) noted that the composition of communities from neighbouring streams were generally similar, with some differences observed in weak dispersers such as Ephemeroptera. Smith et al . (2006) similarly reported population divergence in mayflies across catchments, although differences between adjacent streams were less. Stoneflies (Order: Plecoptera), however, are even weaker fliers ( Nebeker & Gaufin, 1967 ) than mayflies, and therefore their movement among river systems is more likely to be inhibited by habitat fragmentation than that of stronger flying insects. Schultheis et al. (2002) identified greater movement of Peltoperla tarteri (Stark & Kondratieff) within streams as opposed to among streams in the Southern Appalachians. In western Montana, Hughes et al. (1999) similarly identified population variation in Yoraperla brevis (Ricker). High gene flow within streams is possible because larvae can disperse downstream, but long distance dispersal between streams requires adult flight ( DePietro et al. , 1997; Hughes et al. , 1999 ) . Therefore, understanding a stream's ecosystem requires not only the assessment of diversity on a community level, but also knowledge of population structure and morphology as they relate to the landscape ( Bohonak & Jenkins, 2003 ) .
To test the effect of low dispersal, genetic divergence was examined in Allocapnia recta (Claassen) and Leuctra tenuis (Pictet), two Plecopteran species that vary in wing morphology and emergence period ( Gaston, 1994 and Malmqvist, 2000 ) . Allocapnia recta emerge during the coldest time of year between November and March. Although some A. recta males and females have wings the full length of their body, they are commonly collected as apterous or with rudimentary wing structure ( Frison, 1942; Nebeker & Gaufin, 1967; Stark et al. , 1998 ) . Leuctra tenuis emerge between July and September, when the weather is warmer. Adults in the family Leuctridae are relatively stronger fliers at warmer temperatures than other stonefly species ( Briers et al. , 2004 ) .
Materials and methods
Adult specimens of Allocapnia recta (Family Capniidae) and Leuctra tenuis (Family Leuctridae) were collected along the Chagrin and Grand Rivers, two adjacent tributaries of Lake Erie on Ohio's north coast ( Fig. 1 Each individual specimen was placed in a 1.5 ml microcentrifuge tube containing 95% ethanol. If a male and female were captured in copula, the mating pair was placed in the same tube.
Collected specimens were identified to species based on the structure of the male genitalia ( Ross & Ricker, 1971 ) . The lower abdomen was removed from the male specimens and stored for species documentation. The only females used in this study were those found associated with a male in the field.
Each stonefly, less the lower abdomen, was soaked in distilled water for 10 min to remove ethanol. DNA was isolated using the QIAGEN DNeasy ® Tissue kit (Qiagen, Valencia, CA) and applying the rodent tail tissue protocol (following methods from Schultheis et al. , 2002 ) . An elution of 100 l was used to increase DNA concentration.
The 16s rRNA gene, which codes for the large mitochondrial ribosomal subunit, was used to assess levels of genetic differentiation at the population level. Universal animal primers of the 16s rRNA gene amplified an approximate 500 bp long region of the mitochondrial DNA (mtDNA). The forward primer (16sB) was 5 Ј -CCG GTT TGA ACT CAG ATC ATG T-3 Ј and the reverse (16sA) was 5 Ј -CGC CTG TTT AAC AAA AAC AT-3 Ј ( Palumbi, 1997 ; optimised for insect use). In the stonefly specimens, the universal primers produced a faint 100 -200 bp secondary product that interfered with sequencing quality. Therefore, internal primers were developed specifically for each species to improve sequencing. For A. recta the forward primer was (SF_arF) 5 Ј -TCG AAC AGA CCT AAA CTT TG-3 Ј and the reverse was (SF_arR) 5 Ј -AAT AAT TTA AAG TCT GAC CTG C-3 Ј . For L. tenuis the forward primer read as (SF_ltF) 5 Ј -GAA CAT CTA CAC CCA AAA TYA C-3 Ј and the reverse as (SF_ltR) 5 Ј -TCT GAC CTG CCC GCT GAT TA-3 Ј .
Each polymerase chain reaction (PCR) for both stonefly species was set up in 50 l as follows: 16 l of deionized water; 5 l of each primer (2.5 mM); 5 l of dNTPs (5 mM); 10 l of MgCl 2 (25 mM); 0.2 l of Fisher Biotech Taq DNA polymerase (concentration of 5 U l -1 with 5 l of 10 × Assay Buffer A) (Fisher Biotech, Australia), and 2 l of template DNA. PCR reactions were cycled 40 times in a Perkins Elmer GeneAmp PCR system 2400 (Perkin -Elmer Life, Waltham, MA). The PCR conditions were set with an initial denaturation phase of 5 min at 94 °C and all subsequent denaturations for 30 s. The anneal ing phase was 30 s at 49 °C, and extension was at 72 °C for 30 s. After all cycles were completed a final extension for 7 min at 72 °C was performed. The amplified DNA region was sequenced at Cleveland State University's DNA sequencing facility on a Beckman CEQ-8000 capillary autosequencer. All sequences were run in both the forward and reverse directions. Mitochondrial DNA sequences were aligned and read using the Sequencher software package (Sequencher vs. 4.0, Gene Codes Corp. , Ann Arbor, MI) and conservatively screened by eye to eliminate any ambiguous scoring. Therefore, one was more likely to miss variation within a sequence than to score a false haplotype. Analysis of variation among haplotypes was performed with Arlequin v.3.01 ( Excoffier et al. , 2005 ) , and the minimum spanning trees were produced by Network vs. 4.1.1.2 (Fluxus Technology Limited , Suffolk, U.K.).
Results
Tables 1 and 2 illustrate the diversity of haplotypes in both species for which gene and nucleotide diversity levels were similar. Distinct polymorphisms were common within the 16s rRNA region in both Allocapnia recta and Leuctra tenuis (accession numbers DQ915179 -DQ915181). Between the Chagrin and Grand Rivers, the internal primers enabled accurate sequencing of a 492 base pair region of the mtDNA in 36 A recta specimens and of 459 bases from 30 individuals of L. tenuis . A BLAST search ( Altschul et al. , 1997 ) in GenBank using the most frequent haplotypes of both A. recta and L. tenuis best matched Pteronarcys princeps , the ebony salmonfly (accession number AY687866).
Allocapnia recta
Wright's FST scores for A. recta indicated that separation of samples between the two watersheds can explain 20% of the variation in haplotype diversity ( Table 1 , FST = 0.20; P < 0.05). This difference between samples from the Chagrin and Grand Rivers was significant. Over half of the specimens possessed one of two haplotypes ( Table 1 ) . The most common haplotype (H01) occurred frequently in both watersheds, but haplotype H02 ( n = 8) was collected only once in the Chagrin River. Conversely, haplotype H03 ( n = 5) was only observed in the Chagrin River. All other haplotypes were found once in one of the rivers. Overall gene and nucleotide diversities across the two watersheds were 0.83 and 0.67 respectively. Both gene and nucleotide diversities were consistently greater in the Chagrin River than in the Grand River ( Table 1 ). This pattern is apparent in the minimum spanning tree where Chagrin River samples derived from one large and divided clade ( Fig. 2 ) .
Leuctra tenuis
In contrast to the results observed in A. recta , the FST score for samples of L. tenuis was 0.065 ( Table 2 , P = 0.14, NS). The two most prevalent haplotypes were identified in samples from both watersheds, indicated that haplotypes in L. tenuis were randomly distributed between the rivers. Therefore, gene diversity varied little and no distinct clades occurred within the minimum spanning tree specific to either watershed ( Fig. 3 ) . The measure of nucleotide diversity in L. tenuis from each river, however, gave an unexpected result. Individuals of L. tenuis from the Chagrin River showed a significantly higher level of nucleotide diversity (0.95) than did specimens from the Grand River (0.38) ( Table 2 ).
Discussion
The winter stonefly varied genetically between the neighbouring Chagrin and Grand Rivers in north-east Ohio, whereas the summer stonefly did not. Therefore the time of emergence or the reduced wing structure of A. recta , a much weaker flier ( Marden et al. , 2000 ) , likely contributes to the limited ability of this species to disperse between the watersheds.
The ability of some stoneflies to disperse long distances is likely a function of wind speed. Allocapnia species have been observed to sail on the surface of the water using wind power to propel themselves from one location to another. As the adults emerge on mid-stream rocks or ice, they stand on top of the water surface tension, and raise their wings in response to gusts of wind, thus sailing to the shore ( Marden & Kramer, 1995 ) . Some members of the genus Allocapnia may also glide down from trees and other riparian vegetation during strong winds. Marden and Kramer (1995) determined that an insect with rudimentary wing structures such as A. recta , sailing across the water surface is more effective than gliding. Furthermore, temperature has an effect on the dispersal of winter stoneflies. Adult Allocapnia species were in higher abundance on sunny days when temperatures exceeded 5 °C, with limited wind; during the harsher and colder days of winter, fewer adults were observed crawling along the snow (pers. obs.). Most sought cover under piles of Table 1 . Haplotype frequencies for Allocapnia recta as they relate to location. Single haplotypes were pooled. Gene diversity was estimated using Nei (1972 ) , and nucleotide diversity was calculated using Arlequin v.3.01 ( Excoffi er et al. , 2005 Leuctra tenuis can disperse farther than A. recta . When summer air temperatures are less than 13 °C, Leuctra stoneflies can use a hind-leg skimming mechanism to raise the body, and reduce drag on the water surface ( Kramer & Marden, 1997 ) . On warmer days, L. tenuis flew over the stream searching for mates (pers. obs.). In addition to the mechanism of flight and temperature, the sample sites within the Chagrin and Grand Rivers are deeply incised channels, making transportation between streams difficult for even the stronger flying stoneflies.
Regardless of flight proficiency, few individuals will migrate across watersheds because adult gravid females remain near their natal streams to deposit their eggs after mating, while males will either search for other females for mating or die. This tendency not to disperse may restrict gene flow. While neonates, after hatching, may immediately start to swim downstream in search of food and to avoid predators ( Kuusela & Huusko, 1996 ) , their movement is limited due to their size and they need not cross between rivers ( Hughes et al. , 1999; Schultheis et al. , 2002 ) .
One caveat of the results is the possibility that cryptic species were encountered that vary in mtDNA sequences rather than variation within each species. In A. recta , three haplotype clades occurred in the samples from the Chagrin River, but only two in the Grand River, and in L. tenuis , Grand River samples predominantly possessed haplotypes basal within the observed clade. If a cryptic sibling species was present in the Chagrin River that was responsible for the apparent population structure, conclusions about dispersal would be unchanged; variation in Allocapnia instead would suggest structure at a community rather than a population level.
As a final note, in salamanders, fish and arthropods, populations in previously glaciated regions tend to have less genetic variation than their populations of origin ( Tilley, 1997; Bernatchez & Wilson, 1998; Reiss et al. , 1999 ) , a pattern Table 2 . Haplotype frequencies for Leuctra tenuis as they relate to location. Single haplotypes were pooled. Gene diversity was estimated using Nei (1972 ) , and nucleotide diversity was calculated using Arlequin v.3.01 ( Excoffi er et al. , 2005 consistent with the lower genetic variation found in the Grand River than in the Chagrin River samples. 
